Introduction {#Sec1}
============

Lower respiratory tract infections (LRTIs), including pneumonia, are a major cause of morbidity and death in the USA and across the world. The Centers for Disease Control and Prevention (CDC) reports pneumonia to be the leading cause of infection-related death \[[@CR1]\]. The literature describing the epidemiology and mortality associated with nosocomial pneumonia extends back decades. In the 1980s to 1990s, the risk of pneumonia in mechanically ventilated patients averaged between 20% and 30%, Gram-negative bacteria such as *Pseudomonas aeruginosa* were common, and mortality was high (upward of 40%) but often nonsignificantly different from mortality in mechanically ventilated patients without pneumonia \[[@CR2]--[@CR7]\]. The most recent publications on resource utilization and economic burden report ventilator-associated pneumonia (VAP) rates of 10--20%, with mortality up to twice as high as in ventilated patients without pneumonia \[[@CR8], [@CR9]\].

The clinical criteria of VAP have been described as subjective and nonspecific, leading to inadequate surveillance \[[@CR10]\]. More than 50% of nonteaching hospitals reported a VAP rate of 0% in 2010, leading to recent changes in surveillance definitions \[[@CR11]\]. In addition, the increasing prevalence of multidrug-resistant Gram-negative bacteria is a major cause for concern. *Klebsiella* spp. now exhibit 11% resistance to carbapenems and nearly 24% resistance to extended-spectrum cephalosporins such as cefepime \[[@CR12]--[@CR14]\]. In the International Network for Optimal Resistance Monitoring (INFORM) program, among all *P. aeruginosa* isolates tested in the United States, approximately 12% were resistant to meropenem and 10% were resistant to piperacillin/tazobactam. Among multidrug resistant isolates, approximately 60% were resistant to meropenem and 50% were resistant to piperacillin/tazobactam \[[@CR15]\]. Prolonged exposure to hospital environments and prior antibiotic exposure have been independently associated with the increased risk of developing multidrug-resistant organisms (MDROs) \[[@CR12]--[@CR14], [@CR16]\]. Adding to the concern, the CDC reports a mortality rate of up to 50% in patients known to carry these MDROs \[[@CR17]\].

The literature discussing the time to appropriate therapy in nosocomial LRTIs has consistently demonstrated a survival advantage when effective antimicrobial therapy is started promptly \[[@CR18]--[@CR20]\]. The increasing rates of MDROs and increased awareness regarding the diversity of LRTIs in the intensive care unit (ICU) leads to new concerns regarding the optimal approach to initial antimicrobial therapy. Because of numerous changes regarding how respiratory tract infections are defined, treated, and regulated, as well as an ever-increasing prevalence of MDROs, there is a gap in knowledge regarding the current burden and management of LRTIs in ICUs. The study objective was to define the prevalence and characterize the patient-specific factors associated with Gram-negative LRTIs in the ICUs of the Detroit metropolitan area, with an emphasis of MDRO prevalence, antibiotic consumption, and appropriateness of empiric antibiotic therapy.

Methods {#Sec2}
=======

Study Design and Population {#Sec3}
---------------------------

This was a retrospective, cross-sectional study conducted in two large academic health systems that comprise most of the hospitals located within the Detroit metropolitan area. The Detroit Medical Center (DMC) is an eight-hospital system comprising four adult general care hospitals, which account for more than 120 ICU beds. Henry Ford Hospital, located directly in Detroit, has more than 160 ICU beds. Adults aged 18 years or older admitted to medical, surgical/trauma, neurosurgical, or burn ICUs between October 1, 2013, and October 31, 2015, with a diagnosis of LRTIs with Gram-negative organisms were included in the analysis \[[@CR21], [@CR22]\]. Patients younger than 18 years, pregnant, with known *P. aeruginosa* colonization, with cystic fibrosis, or who died within 24 h of initiation of antimicrobial therapy were excluded.

Data Collection and Definitions {#Sec4}
-------------------------------

Patients were identified through a clinical surveillance support software program (TheraDoc, Salt Lake City, UT, USA) for sputum, bronchoalveolar lavage (BAL), or tracheal aspirate positive for at least one Gram-negative organism. Additional patient screening and data collection were performed retrospectively through electronic medical record review. The Sequential Organ Failure Assessment (SOFA) score within the first 24 h of ICU admission was determined for each patient. Clinical characteristics throughout the course of care were collected, and included overall length of stay, length of ICU stay, concurrent Gram-positive infections, concurrent bacteremia, 30-day readmission, and infection-related death as diagnosed by the treating medical team. The type of LRTI was defined with use of CDC/National Healthcare Safety Network surveillance criteria \[[@CR21], [@CR22]\]. Diagnosis of LRTI was validated through electronic medical record review for CDC-defined diagnostic and radiological criteria.

The definitions for MDROs were based on previously published criteria from the CDC and expert proposal for standard definitions \[[@CR17], [@CR23]\]. Extended-spectrum β-lactamase (ESBL)-producing Gram-negative bacteria of the family *Enterobacteriaceae* were defined as demonstrating nonsusceptibility to extended-spectrum cephalosporins or aztreonam \[[@CR24]\]. Multidrug-resistant *Pseudomonas* and *Acinetobacter* had to demonstrate nonsusceptibility to at least one antibiotic agent in a minimum of three distinct antimicrobial classes of commonly used agents \[[@CR17], [@CR23]\]. Extensively drug-resistant organisms had to demonstrate nonsusceptibility to at least one antimicrobial agent in all but two antimicrobial classes \[[@CR23]\].

Empiric therapy was defined as receipt of antibiotics before availability of culture and susceptibility data. Appropriate Therapy was defined as a composite metric wherein each criterion that was applicable had to be met. This included receipt of antibiotics that were (1) active in vitro against the causative organism(s), (2) dosed correctly on the basis of patient rental function (as applicable), (3) dosed correctly on the basis of patient weight (as applicable), (4) dosed appropriately on the basis of therapeutic monitoring parameters (as applicable), and (5) recommended according to local/institutional and/or national Infectious Diseases Society of America (IDSA) guidelines. Clinical failure was defined as the following: clinical deterioration based on persistent or worsening signs and symptoms of infection, including all-cause in-hospital death. All data were entered into a secure electronic REDCap™ database (Vanderbilt University, Nashville, TN, USA).

Microbiological Analysis {#Sec5}
------------------------

The first available *P. aeruginosa* respiratory tract isolates were collected from the clinical microbiology laboratories of the DMC and HFH. The minimum inhibitory concentrations (MICs) were determined by non-automated broth microdilution for each isolate in duplicate according to Clinical and Laboratory Standards Institution Guidelines \[[@CR24]\]. Testing was completed at the Anti-Infective Research Laboratory in Detroit, Michigan. Susceptibilities were determined for cefepime, piperacillin/tazobactam, ceftazidime, ceftolozane/tazobactam, aztreonam, meropenem, imipenem/cilastatin, and ciprofloxacin. For all Gram-negative organisms identified in respiratory samples, susceptibility data was collected from the electronic medical record as reported by the on-site clinical microbiology laboratory. HFH used a VITEK^®^ 2 system (bioMérieux, Durham, NC, USA) and DMC used a Phoenix™ system (Becton, Dickinson and Company, Sparks, MD, USA) for automated susceptibility testing.

Statistical Analysis {#Sec6}
--------------------

Descriptive statistics were summarized by means (and standard deviations) or medians \[and interquartile ranges (IQRs)\], and proportions, as applicable. Cost data related to total length of stay and length of ICU stay were estimated with use of 2015 American Hospital Association total cost estimates \[[@CR25]\]. Primary comparisons were among patients with appropriate versus inappropriate empiric Gram-negative therapy. Categorical variables were compared by Pearson's chi-square test or Fisher's exact test, and continuous variables were compared by Student's *t* test or the Mann--Whitney *U* test. For two-tailed tests, *p* \< 0.05 was considered statistically significant. Multivariable backward-stepwise logistic regression was performed to determine variables independently associated with clinical failure. All variables associated with the outcome of interest on univariate analysis with *p* \< 0.1 or determined to be clinically relevant a priori, such as appropriateness of empiric therapy, were included in the regression model. The cut-off to remain in the model was defined as *p* = 0.05. Model fit was determined by the Hosmer--Lemeshow goodness-of-fit test, with *p* \> 0.05 considered adequate. IBM SPSS Statistics version 23.0 (IBM, Armonk, NY, USA) was used for all statistical analysis.

Compliance with Ethics Guidelines {#Sec7}
---------------------------------

This protocol was approved by Wayne State Institutional Review Board, Detroit, Michigan (Institutional Review Board no. 073814M1E), Henry Ford Institutional Review Board (Institutional Review Board no. 9329), and Detroit Medical Center Research Review (Application RR no. 13168). Because of the retrospective nature of the data, a waiver of informed consent was obtained. This study was conducted according to the principles expressed in the Declaration of Helsinki. This article does not contain any new studies with humans or animals performed by any of the authors.

Results {#Sec8}
=======

Among patients meeting the inclusion criteria, 238 (50.4%) were treated in the DMC and 234 (49.6%) were treated at HFH. The mean age of patients included in the study was 62.7 years (standard deviation 15.9 years). Within the study population, 288 (61.0%) were male, and 278 (58.9%) were black. Most patients were admitted from the community (346, 73.3%), followed by transfer from an outside hospital/health system (60, 12.7%) and a nursing home/skilled-nursing facility (53, 11.2%) (Table [1](#Tab1){ref-type="table"}). The median SOFA score for patients included in the final analysis was 9 (IQR 7--12). Clinically defined pneumonia was the most common type of LTRI reported (264, 55.9%), followed by an infection-related ventilator-associated condition (160, 33.9%). The primary source of respiratory cultures was sputum (303, 64.2%), followed by tracheal aspirate (95, 20.1%) and BAL (74, 15.7%). The median time from patient admission to isolation of the first Gram-negative organism from a respiratory culture was 5.1 days (IQR 1.6--10.9 days). Sixty-three patients (13.3%) had concurrent bacteremia: 29 patients (6.1%) had Gram-negative infections, 28 patients (5.9%) had Gram-positive infections, and six patients (1.3%) had polymicrobial infections.Table 1Baseline demographics and clinical characteristics (*n* = 472)Baseline characteristicMean, median, or numberAge (years)62.7 (SD 15.9)SOFA score9 (IQR 7--12)Male sex288 (61.0%)Race/ethnicity Black278 (58.9%) White164 (34.7%) Hispanic6 (1.3%) Asian2 (0.4%) Other22 (4.7%)Chronic obstructive pulmonary disease, asthma174 (36.9%)Acute kidney injury^a^42 (8.9%)Chronic kidney disease283 (59.9%)Renal replacement therapy52 (11.0%)Liver disease44 (9.3%)Diabetes191 (40.5%)Diabetes with end organ damage14 (3.0%)Cerebrovascular accident, stroke133 (28.2%)Heart disease, NYHA stage III--IV151 (32.0%)HIV/AIDS10 (2.1%)Other immunosuppression^b^51 (10.8%)Prior hospitalization (60 days)103 (21.8%)Previous surgery (30 days)30 (6.4%)Type of CDC-defined LRTI Clinically defined pneumonia264 (55.9%) Infection-related ventilator-associated condition160 (33.9%) Possible/probable VAP30 (6.4%) Tracheobronchial17 (3.6%) Other LRTI1 (0.2%)Type of ICU Burn ICU8 (1.3%) Cardiac ICU40 (8.5%) Medical ICU272 (57.6%) Neurosurgical ICU43 (9.1%) Surgical/trauma ICU109 (23.1%)*AIDS* acquired immunodeficiency syndrome, *CDC* Centers for Disease Control and Prevention, *HIV* human immunodeficiency virus, *ICU* intensive care unit, *IQR* interquartile range, *LTRI* lower respiratory tract infection, *NYHA* New York Heart Association, *SD* standard deviation, *SOFA* Sequential Organ Failure Assessment, *VAP* ventilator-associated pneumonia^a^At least two consecutive increases in serum creatinine concentrations (defined as an increase of 0.5 mg/dL) or more than 50% increase from the baseline^b^Absolute neutrophil count less than 500, receipt of chemotherapy or radiation therapy in the previous 30 days, solid organ or bone marrow transplant recipient, chronic steroid use of at least 40 mg prednisone (equivalent dose) per day

A total of 619 Gram-negative organisms were identified from 472 patients (Fig. [1](#Fig1){ref-type="fig"}). Members of the family *Enterobacteriaceae* were the most common species isolated (250, 40.4%). The most common organism isolated from respiratory cultures was *P. aeruginosa* (224, 36.2%). Polymicrobial LTRIs were reported in 243 patients (51.4%); 132 (27.9%) had at least two Gram-negative organisms isolated, whereas 111 (23.5%) had both Gram-positive organisms and Gram-negative organisms isolated from respiratory cultures. Among members of the family *Enterobacteriaceae*, 50 isolates (20.0%) were identified as the ESBL-producing phenotype, and six (2.4%) were carbapenem resistant. MDROs represented 21.6% of *P. aeruginosa* isolates identified, 7.6% of which were extensively drug resistant.

Among Acinetobacter baumannii, 64.4% were identified as MDRO, 16.3% were extensively drug-resistant. A total of 120 *P. aeruginosa* isolates were collected for additional diagnostic testing by the Anti-Infective Research Laboratory (Table [2](#Tab2){ref-type="table"}).Fig. 1Index Gram-negative respiratory organisms identified (*n* = 619). ACB *Acinetobacter baumannii*, PSA *Pseudomonas aeruginosa* Table 2*Pseudomonas aeruginosa* susceptibility profiles (*n* = 120)DrugBMD MIC~50~BMD MIC~90~Susceptible (%)^a^Aztreonam43275.3Cefepime21682.2Ceftazidime23284.5Ceftolozane/tazobactam0.5197.5Ciprofloxacin0.1251677.8Imipenem/cilastatin23250.8Meropenem11664.1Piperacillin/tazobactam86479.3*BMD* broth microdilution, *MIC* ~*50*~ minimum inhibitory concentration at which 50% of isolates are inhibited, *MIC* ~*90*~ minimum inhibitory concentration at which 90% of isolates are inhibited^a^Susceptibility based on Clinical and Laboratory Standards Institute guidelines: aztreonam (8 mg/L or less), cefepime (8 mg/L or less), ceftazidime (8 mg/L or less), ciprofloxacin (1 mg/L or less), imipenem/cilastatin (2 mg/L or less), meropenem (2 mg/L or less), piperacillin/tazobactam (16/4 mg/L or less). Ceftolozane/tazobactam US FDA-approved breakpoint for *P. aeruginosa*: susceptible 4/4 mg/L or less.

A total of 464 patients had sufficient antibiotic data to be assessed for appropriateness of therapy. Empiric antibiotic therapy differed significantly from patient to patient and from guideline recommendations (Table [3](#Tab3){ref-type="table"}). Cefepime (212, 45.7%) and piperacillin/tazobactam (171, 36.8%) were the most commonly used agents. Ceftriaxone (53, 11.4%) and meropenem (56, 12.1%) were also commonly used empirically. Empiric Gram-positive therapy was used in 344 patients (74.1%). Among patients receiving empiric Gram-positive therapy, vancomycin was the most common agent (312, 90.7%), followed by linezolid (23, 6.7%), clindamycin (4, 1.6%), and ceftaroline (3, 0.9%). With regard to targeted Gram-negative therapy, piperacillin/tazobactam (76, 16.4%) and cefepime (98, 21.2%) were still the most commonly used agents; however, meropenem (103, 22.1%) was also commonly used. Concurrent aminoglycoside therapy was used in 52 patients (11.0%) and polymyxins (colistin or polymyxin B) were used in 17 patients (3.6%). Seventy-five patients (16.2%) required a change in targeted therapy, and the reasons documented included clinical worsening (17, 22.7%), narrowing spectrum (7, 9.3%), clinical toxicity (3, 4.0%), identification of subsequent resistance (28, 37.3%), and new organism isolated in respiratory cultures (7, 9.3%). Thirty-nine patients (8.4%) had three different targeted antibiotic therapies during their course of therapy. The total length of antibiotic therapy, from initial empiric to final targeted therapy, was a median of 10 days (IQR 6--15 days).Table 3Empiric and targeted Gram-negative therapyEmpiric therapyNumberAmikacin2 (0.4%)Ampicillin/sulbactam12 (2.5%)Aztreonam18 (3.8%)Cefepime211 (45.5%)Ceftriaxone53 (11.4%)Ciprofloxacin8 (1.7%)Ertapenem11 (2.3%)Meropenem56 (12.1%)Moxifloxacin6 (1.3%)Piperacillin/tazobactam168 (36.2%)Trimethoprim/sulfamethoxazole4 (0.9%)Tigecycline5 (1.1%)Tobramycin24 (5.2%)Initial targeted therapyNumberAmikacin5 (1.1%)Ampicillin/sulbactam29 (6.3%)Aztreonam13 (2.8%)Cefepime79 (16.7%)Ceftolozane/tazobactam9 (1.9%)Ceftriaxone51 (11.0%)Ciprofloxacin30 (6.5%)Ertapenem41 (8.8%)Gentamicin5 (1.1%)Meropenem103 (22.2%)Piperacillin/tazobactam76 (16.4%)Trimethoprim/sulfamethoxazole8 (2.4%)Tigecycline9 (1.9%)Tobramycin17 (3.7%)

Empiric Gram-negative therapy was inappropriate in almost half of patients (163, 42.4%). Lack of in vitro activity was the main reason identified (80.1%). Patients with inappropriate empiric Gram-negative therapy experienced significantly longer median ICU stay and longer overall hospital stay (Table [4](#Tab4){ref-type="table"}). This translated to an approximate median total cost of care of \$79,800 (IQR \$48,775 to \$129,600) versus \$68,000 (IQR \$38,400 to \$116,175), *p* = 0.013. Patients with inappropriate empiric therapy experienced similar clinical failure rates (31.5% vs 30.0%, *p* = 0.457), in-hospital mortality (26.4% vs 25.9%, *p* = 0.814), and 30-day all-cause mortality (28.4% vs 29.7%, *p* = 0.937). There were no significant differences in clinical failure rates or in-hospital mortality when they were stratified by the primary reason for inappropriateness of therapy (i.e., lack of in vitro activity versus guideline adherence). Variables associated with clinical failure on univariate analysis included mechanical intubation during ICU admission, acute kidney injury, history of chronic kidney disease, and higher SOFA score. On multivariable logistic regression, the only variable independently associated with clinical failure was higher SOFA score (adjusted odds ratio 1.31, 95% confidence interval 1.07--1.20). Mechanical intubation was not added to the model because it is incorporated in the SOFA score (Hosmer--Lemeshow goodness of fit *p* = 0.009). In a subset of patients with organisms identified only from BAL or tracheal aspirate, inappropriate definitive therapy was not associated with differences in clinical failure rates (32.8% vs 34.9%, *p* = 0.563), in-hospital mortality (32.8% vs 34.0%, *p* = 0.876), or 30-day mortality (45.5% vs 54.4%, *p* = 0.745).Table 4Clinical outcomes versus appropriateness of empiric therapyOutcome measuredAppropriate therapy (*n* = 263)Inappropriate therapy (*n* = 197)*p*Length of ICU stay (days)^a^12 (5--20)14 (6--25)0.013Overall length of stay (days)^a^21 (12--31)23.5 (15--33)0.023Outcome at end of hospitalization0.912 Clinical cure/improvement124 (41.7%)79 (40.1%) Clinical failure79 (30.0%)62 (31.5%) Indeterminate60 (22.8%)46 (23.4%)Discharge disposition0.047 Home44 (16.7%)28 (14.2%) Short-term rehabilitation43 (16.3%)17 (8.6%) Skilled-nursing facility108 (41.1%)100 (50.8%) Morgue68 (25.9%)52 (26.4%)30-day all-cause death78 (29.7%)56 (28.4%)0.93730-day infection-related readmission7 (2.7%)6 (3.0%)0.464*ICU* intensive care unit^a^The median is given (with the interquartile range in parentheses).

Among patients with initial inappropriate Gram-negative therapy, 81.5% were switched to appropriate targeted therapy. The time to appropriate therapy was a median of 2 days (IQR 0--4 days). Once susceptibility results were available for targeted therapy, the most common reason therapy was inappropriate was secondary to inappropriate renal dose adjustments (44, 53.4%). Patients with inappropriate targeted therapy experienced increased clinical failure rate (35.4% vs 29.6%, *p* = 0.406), in-hospital mortality (29.3% vs 24.9%, *p* = 0.408), and 30-day mortality (31.7% vs 28.6%, *p* = 0.558). In a subset of patients with organisms identified only from BAL or tracheal aspirate, inappropriate definitive therapy was not associated with differences in clinical failure rates (32.6% vs 42.3%, *p* = 0.563), in-hospital mortality (42.3% vs 31.9%, *p* = 0.302), or 30-day mortality (38.5% vs 31.9%, *p* = 0.745).

Discussion {#Sec9}
==========

During the time of this study, guidelines and preventative literature on the management of LTRIs, in particular hospital-acquired pneumonia (HAP) and VAP, were a decade old \[[@CR26]\]. In that decade, drug resistance has increased rapidly with very little innovation through the antibiotic pipeline \[[@CR27]\]. Additionally, the definitions for LRTIs have changed and are not the same as those used in clinical trials or daily practice \[[@CR28]\]. Lastly, most of the contemporary literature on resource utilization and economic burden has focused on community-acquired pneumonia or has not incorporated the new, broader definitions for HAP/VAP \[[@CR29]--[@CR31].\] The current cross-sectional study of LTRIs in the ICU sought to observe and document the burden of illness, incidence of antibiotic resistance, antibiotic consumption, and clinical outcomes in a contemporary cohort of ICU patients with CDC-defined LRTIs.

Isolates collected from identified patients demonstrated high rates of resistance to key antimicrobial agents. Among the *Enterobacteriaceae*, 20% were potentially ESBL-producing organisms and 21.6% of *P. aeruginosa* isolates were multidrug resistant. These findings are similar to data from the SENTRY Antimicrobial Surveillance Program \[[@CR32]\]. The ESBL phenotype was identified in 35.1% of *Klebsiella* spp., and only 65.8% of *P. aeruginosa* isolates demonstrated susceptibility to meropenem. In the CENIT study, ceftolozane/tazobactam was tested against clinical isolates of both *P. aeruginosa* and *Enterobacteriaceae* \[[@CR33]\]. Among 500 *P. aeruginosa* isolates the MIC at which 50% of isolates are inhibited (MIC~50~) was 0.5 mg/L and the MIC at which 90% of isolates are inhibited (MIC~90~) was 4 mg/L. In an analysis of 1019 *P. aeruginosa* isolates from both the USA and Europe, the ceftolozane/tazobactam MIC~50~ was 0.5 mg/L and the MIC~90~ was 4 mg/L \[[@CR34]\]. These results align with those of the current study.

In a recent study, Martin-Loeches et al. \[[@CR35]\] determined that patients developing pneumonia in the ICU with an MDRO were more likely to have longer hospital stay (57.37 days vs 43.78 days, *p* = 0.02), longer ICU stay (35.81 days vs 30.19 days, *p* = 0.009), and microbiological persistence (42.1% vs 28.1%, *p* = 0.001). Not surprisingly, appropriate therapy was less common among patients with resistant isolates (81.8% vs 97.6%, *p* \< 0.001), resulting in the use of combination therapy in 60% of patients with MDROs. These results mirror those of the current study wherein patients with inappropriate therapy experienced longer hospital stay and ICU stay despite no observable significant differences in clinical failure rates.

Of particular interest is that, in this contemporary cohort of patients, there was no difference in morbidity/mortality when patients were prescribed appropriate versus inappropriate empiric Gram-negative therapy. The definition of appropriate therapy used was a composite metric and broad in scope. The lack of significant differences persisted after post hoc stratification by each composite metric, including in vitro activity. The prevailing literature demonstrates that timely appropriate antibiotic therapy in the ICU leads to improved outcomes, including decreased mortality \[[@CR36]--[@CR41]\]. This raises the question of whether administering antimicrobial therapy to every patient with an identified organism and CDC-defined LRTI adds clinical value. Additionally, the median duration of antibiotic therapy was 10 days, with many patients prescribed antibiotics for more than 2 weeks. Current IDSA HAP/VAP guidelines recommend 7 days of therapy for most patients who demonstrate clinical improvement. Prolonged antibiotic exposure may result in increased risk of adverse events, such as the development of *Clostridium difficile* infection \[[@CR42]--[@CR46]\].

There are several limitations to the current study. Most notably, the retrospective design made it challenging to determine true infection and the rationale for antibiotic choices. Inclusion and exclusion criteria were designed to limit the number of patients presenting with colonization; however, this could not be guaranteed and could potentially be reflected in the clinical outcomes. Additionally, the use of CDC-defined LTRIs, as opposed to traditional definitions of HAP/VAP, could be viewed as either a strength or a limitation \[[@CR47]\]. In a recent study by Chang et al. \[[@CR48]\] the new ventilator-associated event criterion was reported to capture only one third of conventional VAP cases. On the other hand, the healthcare-associated pneumonia criterion has fallen out of favor and has been removed from the current IDSA guidelines because of its inability to capture patients at highest risk for multidrug-resistant pathogens \[[@CR49]\]. Lastly, the decision to consider institutional guidelines and resistance patterns in the definition of appropriate therapy can been a strength or a limitation. While inclusion of institutional guidelines decreases external generalizability, consideration of local antibiogram data is aligned with the recommendations of the 2016 IDSA HAP/VAP Guidelines \[[@CR50].\]

Conclusions {#Sec10}
===========

In conclusion, there are several key take-home points from this cross-sectional study of Gram-negative LRTIs in the ICU. Resistance among Gram-negative organisms isolated from the respiratory tract remains high. Empiric antibiotic therapy, although often aligned with the guidelines, was inappropriate in approximately 50% of cases, and this inappropriate initial empiric therapy was associated with longer stays but was not found to be associated with significantly worse clinical outcomes.
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